Introduction {#S0001}
============

Cervical carcinoma is one of the most common of all malignant tumours among women. With a five-year survival rate of about 52%, it is second on the list of mortality rates for all malignant tumours found in females. Each year, about 10,000 new cases of cervical carcinoma are reported in developed countries such as the United States, and in China alone 135,000 new cases are registered. Existing therapeutic strategies are ineffective for the treatment of advanced cervical carcinoma. Surgical intervention is effective only when an early diagnosis is made. Conventional methods including radiotherapy and chemotherapy often result in drug resistance and relapse.

Pinellia tuber, a traditional Chinese herb, has been reported to be effective in dissipating tumour mass \[[@CIT0001]\]. 1 In China, cervical carcinoma has been successfully treated with Pinellia alone since the 1970 s. Success rates as high as 70% have been reported for this method of intervention. Extensive research efforts to uncover its mechanism of action led to the isolation of a colourless crystalline natural product, identified as β-sitosterol, from Pinellia. Both *in vivo* and *in vitro* studies have demonstrated that β-sitosterol has a protective effect against colon, prostate, cervical, and breast cancers \[[@CIT0002]--[@CIT0006]\].

The precise molecular mechanism of action of β-sitosterol is still unknown. In an effort to develop new therapeutic strategies for the treatment of cervical carcinoma, we sought to identify the molecular mechanisms by which β-sitosterol suppresses cell proliferation.

Material and methods {#S0002}
====================

Cell culture {#S20003}
------------

Human cervical cancer cell lines, Caski and HeLa, were purchased from ATCC, U.S.A. Cells were cultured in RPMI-1640 (GIBCO company) supplemented with 10% foetal bovine serum (FBS) and maintained in a humidified incubator at 37°C and 5% CO~2~. Cells were routinely passaged using 0.5% trypsin. Steadily proliferating cells were used for further experiments.

Immunocytochemistry {#S20004}
-------------------

Single-cell suspension of cells in logarithmic growth were separately cultured on coverslips placed inside 24-well plates. The cells were then treated with β-sitosterol (20 µmol/l) or vehicle for 48 hours. Following this, the medium was removed and the cells were fixed with. Immunocytochemistry experiments were performed using SP kits according to the manufacturer\'s protocols. After the application of DAB, the intensity of developed colour was quantified and compared.

Scanning and transmission electron microscopy photography {#S20005}
---------------------------------------------------------

The Caski and HeLa single-cell suspensions were diluted to 2 × 10^4^ cells/ml and plated onto coverslips as described earlier. After 24 hours the culture medium was replaced with complete growth containing 20 µmol/l β-sitosterol or vehicle alone. Culture medium was removed after 24 hours and the cells on coverslips were washed with PBS. Subsequently, the cells were fixed with 1% osmium tetroxide and washed with PBS. After dehydration and replacement, the samples were put into a sample box and dried for 2 hours in HCP-2 critical point drying apparatus. The dry samples were pasted to the sample table, gold sprayed for 3 minutes in an IB-3 ion sputtering instrument and analysed by electron microscopy and photomicrography. In a separate experiment, Caski and HeLa cells were treated with 20 µmol/l β-sitosterol or vehicle and were digested for one day to form single cell suspensions. Cells were collected by centrifugation for 15--20 minutes at 2000 rpm. After fixation, dehydration, and embedding, sections of 50--60 nm thickness were prepared using an LKB-l ultra thin microtome, stained with 3% uranyl acetate (lead citrate), and analysed by electron microscopy.

RT-PCR and Real-Time RT-PCR {#S20006}
---------------------------

Steadily proliferating Caski and HeLa cells were plated onto culture flasks at a density of 1 × 10^5^ cells/ml. After 24 hours, adherent cells were treated with 20 µmol/l β-sitosterol or vehicle for 24 hours, and total RNA was extracted using Trizol reagent.

Typically, 1 ml Trizol reagent was used per flask for cell lysis. To 1 ml of lysate, 200 µl of chloroform was added and the mixture was shaken vigorously for 15 seconds. The mixture was allowed to stand at room temperature for 15 minutes and centrifuged when the phases separated. The upper organic layer was transferred carefully into fresh tubes, and then 500 µl of isopropanol was added, mixed well, and allowed to stand at room temperature for 10 minutes. Following this, the solution was centrifuged and RNA was collected as a pellet after centrifugation. Supernatant was discarded and the pellet was washed twice with 70% ethanol. The pellet was dried under vacuum and dissolved in 20 µl DEPC H~2~O. The concentration of total RNA in solution was determined indirectly using an ultraviolet spectrophotometer and by quantifying the absorbance at 260 nm. Reverse transcription: typically, 5 µg total RNA was reverse transcribed using, oligo dT primers (0.5 µg), reverse transcriptase (15 U), dNTP final concentration of 1 mM, and RNase inhibitor (1 U). The total volume of the reaction mixture was 20 µl. The reaction mixture was incubated at 70°C for 10 minutes and put on ice. This was followed by adding 4 µl of 5 × reaction buffer, 2 µl of 0.1 M DTT, and 10 mM of dNTP mixture and incubating at 42°C for 2 minutes. Reverse transcriptase (Superscript II, 10 µM) was added to the reaction mixture and incubated at 42°C for 50 minutes. This was followed by a final incubation at 70°C for 10 minutes to end the reaction. The synthesised cDNA was then used a template for further experiments.

For analysis of gene expression in Caski and HeLa cells, GAPDH was used as a standard. The reaction conditions were as follows:

The total volume of each PCR reaction was 50 µl. A typical reaction consisted of denaturation at 94°C for 5 minutes followed by 35 cycles of denaturation at 94°C for 50 seconds, annealing at 55°C for 50 seconds, extension at 72°C for 1 minute, and a single final step at 72°C for 8 minutes to end the loop. Conditions used for amplification of GAPDH were as follows: denaturation at 94°C for 5 minutes followed by 30 cycles of denaturation at 94°C for 50 seconds, annealing at 55°C for 30 seconds, extension at 72°C for 45 seconds, and a single final step of extension at 72°C for 8 minutes to end the reaction. The PCR products were subjected to 1% agarose gel electrophoresis and the gel was stained with 0.5 µg/ml ethidium bromide for visualisation, imaging, and analysis.

Western blot {#S20007}
------------

Cells in the logarithmic growth phase were plated onto tissue culture flasks at a density of 1 × 10^5^ cells/ml. After 24 hours, adherent cells were treated with 20 µmol/l β-sitosterol or vehicle control. The cells were collected after 24 hours, washed with PBS, and lysed. The protein concentration in the cell lysate was estimated using Coomassie brilliant blue. The desired amount of lysate was loaded onto denaturing gels, and the proteins were separated by SDS-PAGE. Separated proteins were transferred into a nitrocellulose membrane. The membrane was blocked with 5% non-fat dry milk in closed and incubated with primary antibody (1 : 400 dilution), rabbit anti-human β-actin polyclonal antibody (1 : 1000). Finally, the membranes were incubated with horseradish peroxidase-labelled goat anti-rabbit IgG, and the target proteins were detected with the help of an enhanced chemiluminescence detection kit ECL.

Statistical analysis of experimental results {#S20008}
--------------------------------------------

SPSS 10.0 statistical package was used for analysis of variance and t test. *P* \< 0.05 was considered as a significant difference.

Results {#S0009}
=======

Reduced expression of PCNA following treatment of cells with β-sitosterol {#S20010}
-------------------------------------------------------------------------

After treating the cells with β-sitosterol for 24 hours, we used immunocytochemistry to detect changes in PCNA expression. As shown in [Figs. 1](#F0001){ref-type="fig"} and [2](#F0002){ref-type="fig"}, compared to controls, PCNA expression was significantly lower in Caski and HeLa cells treated with β-sitosterol for 24 hours (*p* \< 0.05).

![Changes in PCNA expression after treatment of Caski and HeLa cells with 20 µmol/l β-sitosterol for 24 hours: A, C) Caski and HeLa cells in control group; B, D) Caski and HeLa cells after treatment with β-sitosterol](WO-19-24874-g001){#F0001}

![Integrated optical density (IOD) comparison of PCNA of the Caski and HeLa cells treated with 20 µmol/l β-sitosterol for 24 hours. *P* \< 0.05 compared with control group](WO-19-24874-g002){#F0002}

Structural changes in Caski and HeLa cells following treatment with β-sitosterol {#S20011}
--------------------------------------------------------------------------------

Scanning electron microscopy: Vehicle-treated Caski and HeLa cells exhibited a surface rich in microvilli. Treatment of cells with β-sitosterol for 24 hours resulted in morphological changes reminiscent of those found in nerve cells. Thus we observed significant cell surface microvilli shedding. The cells treated with β-sitosterol showed a flat morphology and poor three-dimensional sense of difference ([Fig. 3](#F0003){ref-type="fig"}).

![Caski and HeLa cell surface ultrastructure (X5000) after treatment with 20 µmol/l β-sitosterol for 24 hours: **A, C)** control group, Caski and HeLa cells; **B, D)** β-sitosterol effects on Caski and HeLa cells](WO-19-24874-g003){#F0003}

Transmission electron microscopy: Caski and HeLa cells in the control group under TEM showed an integral membrane. The ultrastructures of the nucleus and organelles were clear. Compared to the vehicle-treated cells, organelle reduction was observed after β-sitosterol treatment ([Fig. 4](#F0004){ref-type="fig"}). Furthermore, the endoplasmic reticulum became loose and fused with cell membrane fusion cells. Cells treated with β-sitosterol showed the presence of vacuoles, chromatin condensation, and coagulates to mass.

![Ultrastructural changes of Caski and HeLa cells treated with 20 µmol/l β-sitosterol for 24 hours (×4000): **A, C)** control group, Caski and HeLa cells; **B, D)** β-sitosterol effects on Caski and HeLa cells)](WO-19-24874-g004){#F0004}

RT-PCR and Real-time RT-PCR {#S20012}
---------------------------

Conventional RT-PCR results showed that compared to controls, cells treated with 20 µmol/l β-sitosterol for 24 hours expressed significantly higher amounts of P53 mRNA. Compared to controls, these cells expressed significantly lower amounts of HPV E6 transcripts ([Fig. 5](#F0005){ref-type="fig"}).

![p53 and HPV E6 mRNA expression in Caski and HeLa cells treated with 20 µmol/l β-sitosterol for 24 hours](WO-19-24874-g005){#F0005}

Real Time qPCR results further confirmed the increased levels of p53 and decreased HPV E6 transcripts in Caski and HeLa cells treated with β-sitosterol for 24 hours ([Table 1](#T0001){ref-type="table"}).

###### 

OD values (mean ± s, *n* = 3) of P53 and HPV E6 mRNA of Caski and HeLa cells after application of β-sitosterol for 24 hours

                       P53 mRNA                                         HPV E6 mRNA
  -------------------- ------------------------------------------------ ------------------------------------------------
  Caski                0.73 ±0.12                                       2.47 ±0.54
  Caski + sitosterol   1.51 ±0.45[\*\*](#TF0001){ref-type="table-fn"}   1.35 ±0.27[\*\*](#TF0001){ref-type="table-fn"}
  Hela                 0.58 ±0.09                                       2.27 ±0.72
  Hela + sitosterol    1.67 ±0.52[\*\*](#TF0001){ref-type="table-fn"}   1.43 ±0.31[\*\*](#TF0001){ref-type="table-fn"}

Note: Compared with control group, p \< 0.01

Western blot {#S20013}
------------

Western blot analysis showed that compared to vehicle treated cells, HeLa and Caski cells treated for 24 hours with β-sitosterol expressed lower amounts of HPV E6 protein. Additionally, although statistically insignificant, cells treated with β-sitosterol showed increased p53 protein levels compared to controls ([Fig. 6](#F0006){ref-type="fig"}).

![Changes in p53 and HPV E6 protein expression in Caski and HeLa cells treated with β-sitosterol for 24 hours](WO-19-24874-g006){#F0006}

Discussion {#S0014}
==========

The conventional treatment of cervical carcinoma consists of surgery and radiotherapy with optional chemotherapy. There has been limited improvement in the prognosis of patients with cervical carcinoma in the past 20 years. Therefore, new therapeutic methods are critical for lowering the mortality rates and improving the quality of life of patients diagnosed with advanced cervical carcinoma \[[@CIT0008], [@CIT0009]\]. Additionally, existing interventions, including chemotherapy, present with severe side effects. Botanic sterols have emerged as promising candidates for disease intervention due to their natural origin, minimal side effects, and structural similarity with animal sterols \[[@CIT0002], [@CIT0007]\]. One of these botanic sterols, β-sitosterol, found in a variety of herbs, shows structural similarity with cholesterol and has been found to inhibit cholesterol synthesis. A number of studies have shown that β-sitosterol exhibits anti-tumour activity against breast, prostate, colorectal, and other forms of cancer, promoting apoptosis, bringing about cell cycle arrest, and reducing tumour metastasis.

Here we demonstrate that treatment of cervical carcinoma cells with β-sitosterol results in reduced expression of PCNA. PCNA was first discovered in the serum of systemic lupus erythematosus and was named by Miyachi *et al*. in 1978. Several studies found that PCNA regulates DNA synthesis in cells and plays an important role in cell proliferation. Therefore, PCNA is considered as an indicator of cell proliferation. The results of our immunocytochemical analysis show that PCNA expression of Caski and HeLa cells is significantly decreased following treatment with β-sitosterol. Therefore, we can conclude that β-sitosterol probably inhibits DNA synthesis in Caski and HeLa cells, thereby suppressing cell proliferation.

We also show that β-sitosterol alters the morphology of Caski and HeLa cells. The results from electron microscopy demonstrate that cells treated with β-sitosterol have a loss of cell surface microvilli, increased electron density of cell membrane, and decreased organelles. Carcinoma cells possess abundant cell surface microvilli, which increase the cell membrane surface area and meet increased demand for material exchange as well as signal transduction. The overall cellular morphology and ultrastructure of Caski and HeLa cells clearly suggests that these cells gradually lose the characteristics of malignant tumour cells upon treatment with 20 µmol/l of β-sitosterol.

Cervical carcinoma is a disease of imbalance between cellular proliferation, differentiation, and apoptosis \[[@CIT0010]\]. Apoptosis, a form of cell death, is controlled by a number of genes. In response to exogenous or endogenous apoptotic signals, apoptosis is initiated by activating a cellular suicide program. The precise molecular mechanisms by which apoptosis leads to tumorigenesis and progression is not completely understood. To date, a number of apoptosis-related genes have been identified. Previously, it was reported that β-sitosterol induces apoptosis in Caski and Hela cervical carcinoma cells. Mutations in the tumour suppressor gene, p53, have been found in several forms of cancers including lung, stomach, and colon. It has been reported that overexpression of p53 plays an important role in the development of cervical intraepithelial neoplasia and cervical squamous cell carcinoma \[[@CIT0009]\]. Numerous reports have also suggested that p53 is an important regulator of apoptosis \[[@CIT0011]\].

Carcinogenic effects of HPV are caused by the integration of HPV DNA into the host DNA \[[@CIT0012]--[@CIT0014]\]. Studies have shown that HPV16 and 18 are able to integrate into host DNA \[[@CIT0013], [@CIT0014]\]. Such integration results in the expression of E6, E7, and E2, causing oncogenic transformation \[[@CIT0015], [@CIT0016]\]. Oncogenes E6 and E7 cause oncogenic transformation by working closely with regulatory proteins involved in the cell cycle, thereby leading to uncontrolled cell proliferation. Additionally, working closely with ubiquitin protease system, E6 and E7 cause proteolytic degradation of p53 to effectively suppress its tumour suppressor function.

This study analysed the expression levels of apoptosis-related proteins p53 and HPV E6 in Caski and HeLa cells in response to β-sitosterol. Here we demonstrated that β-sitosterol significantly attenuates the expression of E6 protein and augments the expression of p53. The effectiveness of β-sitosterol in lowering the expression of E6 protein points toward its potential antiviral activity.

In conclusion, we demonstrate that β-sitosterol probably inhibits proliferation of Caski and HeLa cervicle carcinoma cells by reducing the expression of PCNA. The overall cellular morphology and ultrastructure of Caski and HeLa cells clearly suggests that these cells gradually lose the characteristics of malignant tumour cells upon treatment with 20 µmol/l of β-sitosterol. We also conclude that elevated levels of P53 and reduced levels of HPVE6 viral oncogenes found in Caski and HeLa upon treatment with β-sitosterol explain its anti-cancer activity against cervical carcinoma.
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